U.S. Liaison Committee for Medical Education-accredited medical schools offer many joint advanced-degree programs, including doctor of medicine (MD)-master of public health (MPH) programs. 1 During the past 20 years, the number of MD-MPH programs has increased substantially. In 1992-1993, MD-MPH programs were offered at 31 of 126 (24.6%) medical schools. 2 By 2004-2005, the number of programs had risen to 64 of 125 medical schools (51.2%), 3 4 Only a few studies have described MD-MPH-program graduates' career plans. Recent studies included a descriptive study of a single-institution's MD-MPH program participants with comparative demographic data for MD program participants; 5 a study of medical students from several institutions who completed the MPH program either as MD-MPH program participants or independently with MD and MPH degrees awarded by different institutions; 6 and another single-institutional, retrospective cohort study of medical-school graduates that compared characteristics and careers of MD-MPH program graduates and MD graduates who subsequently completed the MPH program with MD-only or MD-other degree graduates, but without MPH degrees. 7 To date, no national studies have been reported.
To address this gap in the literature, we conducted a retrospective, national cohort study of Medical College Admission Test (MCAT) examinees who enrolled in medical school to (1) determine the extent of MD-MPH program participation and graduation from U.S. medical schools and (2) compare demographic characteristics, attitudes, academic achievement, and career plans of MD-MPH program and MD program graduates.
METHODS
Our study sample included graduates from MD and MD-MPH programs identified in the AAMC Student Records System. The cohort included graduates who had entered medical school in 2003-2007 and who had graduated by the end of 2012. During 2012-2013, 81 of 136 (60%) medical schools offered MD-MPH programs (Personal communication, Sylvia Etzel, American Medical Association, March 2014, April 2014, and May 2014). We obtained data on these graduates from the AAMC, including data from the Pre-MCAT Questionnaire (PMQ), the Graduation Questionnaire (GQ), the AAMC Student Records System, and the National Board of Medical Examiners.
The PMQ was offered to all MCAT examinees in 2001-2006 before their initial MCAT attempt. The PMQ included many items about the areas of medicine that examinees found most interesting and the importance of various items in their decision to study medicine. 8 Responses to the item "Indicate the area of medicine in which you are most interested" included public health aspects of disease, biomedical research, or patient management. Response options on the importance of 15 different items in a student's decision to study medicine ranged from 1 (not important) to 4 (extremely important). As previously described, 9 we derived three of these factors-altruism, status, and research/finding cures-from 10 of the 15 items for use in our study. We derived the altruism factor from the mean of responses to three items: "profession offers the opportunity to serve community needs," "coworkers share desire to help people," and "profession offers opportunity to make a difference in people's lives." We derived the status factor from the mean of responses to five items: "profession offers opportunity to satisfy personal desire for authority," "profession represents achievement higher than any other profession," "physicians receive immediate status and prestige," "profession offers the possibility of a high income," and "physicians are rarely unemployed." We derived the research/finding cures factor from the mean of responses to two items: "profession provides chance to pursue interest in research" and "profession offers opportunity to discover a great cure."
The GQ is offered to all medical students during the spring of their final year and is completed voluntarily. 10 We analyzed responses to items about graduates' career intentions (full-time university faculty; other, including response options of state/federal or medical/ health-care administration, part-time faculty, part-time practice, and other; undecided; and missing [i.e., no response to the GQ item] or full-time, non-academic clinical practice); total debt at graduation; age at graduation; and plan for specialty-board certification. Based on responses to the specialty-board certification and specialty-choice items, we created a nine-category specialty-choice variable (internal medicine, family medicine, obstetrics-gynecology, pediatrics, surgical specialties, emergency medicine, no/undecided about specialty-board certification plans, missing [no response to the GQ item(s)], and all other specialties).
The AAMC provided data on sex, race/ethnicity, matriculation and graduation dates, degree program at matriculation, and graduation. We used self-reported PMQ or AAMC Student Records System data, as available, for sex and race/ethnicity (categorized as underrepresented racial/ethnic groups in medicine [i.e., black, Hispanic, and Native American/Alaska Native], Asian/Pacific Islander, other/multiple races/ unknown, and non-Hispanic white). The AAMC also provided first-attempt scores on four standardized tests: MCAT (sum of verbal reasoning, biological sciences, and physical sciences sub-scores), National Board of Medical Examiners' U.S. Medical Licensing Examination (USMLE) three-digit Step 1 and Step 2 Clinical Knowledge (CK) scores, and pass-fail USMLE Step 2 Clinical Skills (CS) results. USMLE sequence completion is required for U.S. medical licensure. 11 Our outcome of interest was which degree program, MD or MD-MPH, the student was in at the time of graduation. We compared MD-MPH program graduates with MD program graduates (including MD, bachelor of arts-MD, and bachelor of science-MD). We excluded all other MD-advanced-degree program graduates (e.g., MD-master of science, MD-master of arts, MD-juris doctorate, MD-master of business administration, and MD-doctor of philosophy) from analysis.
We report descriptive statistics for each variable examined in association with degree program at graduation (i.e., MD, MD-MPH). We used Pearson's c 2 tests and analysis of variance to measure between-group differences. We used multivariate logistic regression to identify independent predictors of MD-MPH program vs. MD program graduation, reporting adjusted odds ratios (aORs) and 95% confidence intervals (CIs) and controlling for all predictor variables shown in the tables. In addition to the overall model, we stratified the logistic regression analysis by sex and by race/ ethnicity. We performed all statistical tests using SPSS ® version 22.0, 12 and considered two-sided p,0.05 to be significant. 13 Of these 77,718 matriculants, 72,674 (93.5%) had graduated by the end of 2012, including 69,787 (96.0%) in MD programs, 972 (1.3%) in MD-MPH programs, 904 (1.2%) in MD programs combined with other advanced degrees, and 1,011 (1.4%) in MD-PhD programs. Of the 70,759 MD program and MD-MPH program graduates eligible for study inclusion (100% of whom had completed the PMQ, at least in part), we excluded 10,717 (15.1%) graduates without complete data for all PMQ items of interest and 245 (0.3%) graduates who were missing standardized test data. Our final sample of 59,797 graduates included 58,975 MD program graduates (84.5% of 69,787 MD program graduates) and 822 MD-MPH program graduates (84.6% of 972 MD-MPH program graduates) who met the inclusion criteria and had complete data for all PMQ items and standardized tests of interest ( Figure) .
Study sample derivation

RESULTS
Of the 59,797 medical-school graduates included ( Figure) , 822 (1.4%) were MD-MPH program graduates and 58,975 (98.6%) were MD program graduates. We found significant between-group differences in all variables except Step 2 CK scores and Step 2 CS results ( Graduates who were female or from underrepresented racial/ethnic groups in medicine (i.e., black, Hispanic, and Native American/Alaska Native) reported public health aspects of disease as the most interesting area of medicine on the PMQ; attributed greater importance to altruism as a reason to study medicine on the PMQ; had higher MCAT and Step 2 CK scores; listed GQ specialty category as "family medicine," "obstetrics-gynecology," or "no/undecided about specialty-board certification plans;" and reported "full-time faculty," "other," or "undecided" GQ career intentions were more likely to be MD-MPH program graduates than to be MD program graduates. Graduates who attributed greater importance to the status of medicine and to research/finding cures on the PMQ as reasons to study medicine, had higher Step l scores, and whose GQ specialty category was "surgical specialties" or "all other specialties" were less likely to be MD-MPH program graduates than to be MD program graduates (Table 1) . Seventy percent of graduates in the sample had completed the GQ, at least in part; for each GQ item analyzed, findings for graduates who were miss-ing data for the item did not differ significantly from findings for the reference group. We grouped descriptive statistics by degree program at graduation and ran multivariate logistic regression models separately for women ( graduation differed by sex. Findings for most variables in these two models were generally similar to findings among all graduates (Table 1) , although associations between the importance of each of three factors in the decision to study medicine (i.e., status, altruism, and research/finding cures) and MD-MPH program graduation were attenuated and no longer significant among men (Table 3) . We also grouped descriptive statistics by degree program at graduation and ran multivariate logistic regression models separately for graduates in the underrepresented racial/ethnic groups in medicine (Table 4 ) and for graduates in all other racial/ethnic groups combined. Findings for most variables in these models were generally similar in magnitude and direction to findings among all graduates (Table 1) . However, graduates in the underrepresented racial/ ethnic groups in medicine who chose family medicine (vs. internal medicine) were four times more likely to be MD-MPH program graduates than to be MD program graduates (Table 4 ). Additionally, associations between the importance of each of the three factors in the decision to study medicine and MD-MPH program graduation were attenuated and no longer significant among graduates in the underrepresented racial/ ethnic groups in medicine (Table 4 ). In addition, graduates in all other racial/ethnic groups combined who graduated from public (vs. private) medical schools were 19% less likely (aOR50.81, 95% CI 0.66, 0.99) to be MD-MPH program graduates than to be MD program graduates. representation among all medical students at their institution. To our knowledge, national PMQ and GQ data have not previously been examined in association with MD-MPH program graduation; thus, our findings regarding associations between the PMQ and GQ items we examined and MD-MPH program graduation contribute new knowledge to the literature. Notably, medical-school graduates who identified public health aspects of disease as the most interesting area of medicine on the PMQ had nearly three times greater odds of being MD-MPH program graduates than being MD program graduates. This new observation supports efforts to promote early awareness about MD-MPH programs among students in the high school and early college years, when students are considering a broad range of career paths. We also observed that students who had placed greater importance on altruism in their decision to study medicine were more likely (aOR51.29) to be MD-MPH program graduates than MD program graduates, suggesting that fostering students' interest in public health aspects of medicine during high school and college may stimulate their interest in MD-MPH programs. Our findings on standardized testing indicated that both MD program and MD-MPH program graduates performed well academically during medical school. We were not surprised that MD-MPH program gradu-ates in our sample took almost an additional year to complete medical school than MD program graduates. This finding is consistent with information from AAMC indicating that, of 85 MD-MPH programs in place as of August 2014, 70 (82%) were five-year programs; 13 (15%) required ,5 years to complete, most with four-year program options; and two (3%) were fiveto six-year programs. The fact that many MD-MPH program graduates in our study had enrolled in MD-MPH programs after medical-school matriculation is consistent with the multiple program entry points reported by most MD-MPH programs (i.e., at the time of medical-school application, after medical-school acceptance but before matriculation, or at any time during medical school). 14 Our finding that mean debt at graduation did not differ significantly between graduates of MD programs and MD-MPH programs despite a longer time to gradu-ate seems counterintuitive. But any additional out-ofpocket costs incurred by MD-MPH program graduates may be relatively small. According to the AAMC directory of MD-MPH educational opportunities, some MD-MPH programs offered discounted MPH tuition fees for medical students, reduced credit requirements, and/or scholarship and assistantship opportunities. 14 
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Among all graduates in our study, those who chose family medicine (vs. internal medicine) had nearly twice the odds-and among graduates in the underrepresented racial/ethnic groups in medicine, more than four times the odds-of being MD-MPH program graduates. Conversely, the odds of being an MD-MPH program graduate among students who chose surgical specialties (aOR50.64) or all other specialties (aOR50.65) were significantly lower. A retrospective study of 1,108 physician graduates of a single medical school, including 17.1% with MPH degrees awarded either jointly with or subsequent to the MD degree, reported that medical-school graduates with an MPH were nearly twice as likely as their MD-degree counterparts to have completed a generalist primary-care residency only. 7 Our findings suggest that MD-MPH programs might play a role in promoting interest among U.S. medical-school enrollees in specialties such as family medicine, which is aligned with the national need for more primary-care physicians. [15] [16] [17] In our study, graduates indicating a full-time faculty career intention-a GQ variable with established predictive validity for full-time faculty appointment 18 -had much greater adjusted odds of being MD-MPH program graduates. This finding is aligned with another single-institution report indicating that its medicalschool graduates with an MPH were more likely than its MD graduates without an MPH to obtain employment in an academic institution. 7 In our study, graduates who reported "other" career intentions (including response options of state/federal or medical/health-care administration, part-time faculty, part-time practice, and other) had greater odds (aOR53.40) of being MD-MPH program graduates than MD program graduates. Students considering "other" career paths and their advisors/counselors should be aware that the AAMC Careers in Medicine program offers information about alternative career paths-including government work, public policy, informatics, consulting, communication, and journalism-and guidance about career-path selection that best fits medical-school graduates' interests, values, and career goals. 19 This program also provides information for students considering public health and service careers in international medicine, preventive medicine, organized medicine (nonprofits and associations), and aerospace medicine. 20
Limitations
Our study had several limitations. Our observations about MD-MPH program graduates may not be generalizable to graduates of non-U.S. Liaison Committee for Medical Education-accredited medical schools, to physicians who obtained MPH degrees either before or after medical school (e.g., during residency training 21 ), or to graduates of other types of combined health-professions dual-degree programs (e.g., doctor of dental medicine-MPH). 22 Because the predictive validity for full-time, non-academic clinical practice and other GQ career intentions has not been established, further research in this area is warranted to determine if medical-school graduates who indicated these career intentions on the GQ had indeed pursued these career paths. Finally, the small differences that we observed between MD-MPH program and MD program graduates in the importance of altruism, status, and research/ finding cures in the decision to study medicine may have been statistically significant due, at least in part, to the large sample size.
CONCLUSION
The number of MD-MPH program graduates in the United States is increasing, but the effects of this growth on public health and on the size of the physician workforce with expertise in public health remain to be seen. Before 2007, approximately 15% of the 6,500 yearly graduates from accredited schools of public health also had an MD degree. 23 Because fewer than 200 people graduated from MD-MPH programs annually before 2007, 4 most physicians who obtained MPH degrees historically had not completed MD-MPH programs. The increasing availability of MD-MPH programs at U.S. medical schools may result in an overall increase in the number of MDs who also obtain MPH degrees; alternatively, it might only produce a shift toward earlier completion of the MPH during, rather than after, medical school, but with no overall change in the number of physicians who ultimately obtain MPH degrees. Nevertheless, our findings regarding MD-MPH program graduates can further inform an understanding of the potential role of MD-MPH programs in the recruitment and training of a diverse physician workforce that is well positioned to address national public-health workforce needs.
